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1. In t roduc t ion  

S p o i l e r s  are wide ly   used   for   p r imary   or   supplementary   ro l l   cont ro l  

on large,   mult i -engine j e t  a i r c r a f t .  They are inva r i ab ly   ac tua t ed  by 

i r r e v e r s i b l e  powered control   systems.  Thus ,   any   nonl inear i t ies   in  

hinge moments o r   r o l l i n g  moments can   be   d i sgu i sed   f rom  the   p i lo t  by 

p rope r ly   t a i l o r ing   t he   sys t em.  

Unfor tuna te ly ,   there   has   been   un t i l   recent ly  a dea r th   o f   spo i l e r  

des ign   in format ion   in   the   open   l i t e ra ture   which  would b e   u s e f u l   t o   t h e  

l i g h t   a i r p l a n e   d e s i g n e r .  Only   one   genera l   av ia t ion   a i rp lane ,   the   h igh  

performance,  twin  turboprop  Mitsubishi MU-2, employs s p o i l e r s   f o r   r o l l  

c o n t r o l  on the   p roduct ion   vers ion .  

There are s e v e r a l   r e a s o n s   f o r   u s i n g   s p o i l e r s   r a t h e r   t h a n   a i l e r o n s  

f o r   r o l l   c o n t r o l :  

1. 

2. 

3 .  

4. 

Spo i l e r s   pe rmi t   t he   u se   o f   fu l l   span   t r a i l i ng   edge   f l aps .  

This   permits   higher  wing loading  and  corresponding improve- 

ments in   c ru ise   per formance   and   r ide   qua l i ty .  

Spoi le rs   can   be   des igned   to  eliminate adverse yaw. 

Spoi le rs   can   be   des igned   in   conjunct ion   wi th   f lap   sys tems 

s u c h   t h a t   r o l l  power remains  high a t  approach  speeds,   ra ther  

than  becomes s lugg i sh  as  w i t h   a i l e r o n s .  

Spoi le rs ,   once   ins ta l led ,   can   be   incorpora ted   in to  a f l i g h t  

path  control   system  which  offers  easier and  more accu ra t e  

con t ro l   du r ing   f i na l   app roach .  

The Robertson  Aircraf t   Corporat ion  recent ly   developed a s p o i l e r  

s y s t e m   f o r   i n s t a l l a t i o n   o n   t h e   P i p e r   S e n e c a .  The purpose   o f   th i s  

r e p o r t  is t o   p r e s e n t   t h e   r e s u l t s   o f  a f l i g h t  test program to   de te rmine  



t he   cha rac t e r i s t i c s   o f   t h i s   spo i l e r   sys t em.   These   da t a ,  when added 

t o   t h e  growing  body  of  data  on  other  spoiler  systems  developed  for 

g e n e r a l   a v i a t i o n   a i r c r a f t   a p p l i c a t i o n   ( R e f s .  1 - 9), should   be   he lpfu l  

t o   t he   des igne r  who w i s h e s   t o   i n c o r p o r a t e   s p o i l e r s   i n  a l i g h t   a i r c r a f t  

conf igura t ion .  
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2. Nomenclature 

b 

C 

CL 

cI1 
C 

S 

FW 

h 

wing  span, meters ( f e e t )  

wing  chord, meters ( f e e t )  

l i f t   c o e f f i c i e n t  

r o l l i n g  moment c o e f f i c i e n t  

yawing moment d e r i v a t i v e  

control   wheel   force,   newtons  ( lbf)  

he igh t   o f   spo i l e r   t r a i l i ng   edge   above   w ing ,  meters ( f e e t )  

r o l l  rate 

t r u e   a i r s p e e d ,   k n o t s   ( f t   p e r   s e c . )  

c a l i b r a t e d   a i r s p e e d ,   k n o t s  

gross  weight,   newtons  ( lbf)  

s i d e s l i p   a n g l e  

s p o i l e r   d e f l e c t i o n   a n g l e  

wheel   def lec t ion   angle  

p i t c h   a n g l e  

r o l l   a n g l e  

3 



3 .  Conf igura t ion   Descr ip t ion  

A modif ied  Piper  PA34-200 Seneca, a twin-engine,   six-place 

a i r p l a n e ,  was t h e  t es t  v e h i c l e .  The modif icat ions  were  as   fol lows:  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

The 

The normal   a i lerons were removed. 

The t r a i l i n g  edge  flaps  were  extended  outboard so  tha t   t hey  

became e s s e n t i a l l y   f u l l   s p a n   f l a p s .  

The f l a p s  were  mounted  on t r acks   i n s t ead   o f   t he   s t anda rd  

p l a i n   h i n g e s .  

The t i p   o f   t h e   f l a p   s l o t  was moved a f t  2.0 inches  (3.17% C) 

t o  accommodate the   increased   Fowler   ac t ion   of   the   f laps .  The 

f l a p   t r a v e l   p a t h  was modi f ied   to   p rovide  a g r e a t e r   s l o t   w i d t h  

a t   i n t e r m e d i a t e   f l a p   p o s i t i o n s .  

The f l a p   d r i v e   s y s t e m  was changed  from a manual t o   a n   e l e c -  

t r i ca l ly   powered , sys t em.  

P la in   h inged ,   f l a t   p l a t e ,   uppe r   su r f ace   spo i l e r s   were   i n s t a l l ed  

t o   p r o v i d e   r o l l   c o n t r o l .  The t r a i l i n g  edge  of  each  spoiler 

c o n s t i t u t e s   t h e   l i p   o f   t h e   f l a p  s l o t  over   the   por t ion  of  the 

span  covered  by  the  spoi lers .   This   design i s  known a s  a s l o t -  

l i p   s p o i l e r .  

s lo t - l i p   spo i l e r   has   t he   advan tage   o f   p rov id ing   nea r ly   l i nea r  

c o n t r o l   e f f e c t i v e n e s s   w i t h   t h e   f l a p s  down a s  wel l  as  up.  It has   the  

d isadvantage   o f   no t   a l lowing   spoi le r  down t r ave l   w i th   f l aps   up ,   because  

the   spo i l e r   r e s t s   aga ins t   t he   l ead ing   edge   o f   t he   f l ap .   Th i s  was 

reso lved  by al lowing  the down t r a v e l i n g   s p o i l e r   t o   e l a s t i c a l l y  deform 

w i t h   t h e   s p o i l e r   t r a i l i n g  edge  against   the   f lap.   This   provided a f i r m  

center ing   force   wi th   f laps   up .  

4 



With f l a p s  down, the  control   l inkage  system  changes so t h a t   b o t h  

s p o i l e r s  come up t o  a 6 degree   b i a s   de f l ec t ion   and   t he   spo i l e r  down- 

travel increases .   This   arrangement   e l iminated a f loat-up  problem 

caused by opening   the   f lap   cav i ty .  It a l so   p rov ides  a h i g h   i n i t i a l  

r o l l   s e n s i t i v i t y   w i t h   s m a l l   d e f l e c t i o n s ,   r e s u l t i n g   i n   e x c e l l e n t   c o n t r o l  

c h a r a c t e r i s t i c s .  

F igure  3.1 shows a c ross - sec t ion  of  t h e   s p o i l e r   i n s t a l l a t i o n  and 

a p lamiew of the   Seneca   wi th   the   spoi le r   and   f lap   modi f ica t ion .  

Figure 3.2 shows the  Robertson-Seneca i n   t h e   c r u i s e   c o n f i g u r a t i o n   w i t h  

s p o i l e r s  down. Spo i l e r s  and f l a p s   a r e   f u l l y   d e f l e c t e d   i n   F i g u r e  3.3. 

A bottom  view  of   the  f laps   with new e x t e r n a l   f l a p   t r a c k s  i s  presented 

in   F igure   3 .4 .  

The s p o i l e r s   a r e   a c t u a t e d  by the   conven t iona l   con t ro l  wheel 

through a d i r e c t   c a b l e   l i n k   t o  a be l lc rank   in   each   wing .  The be l l c rank  

con ta ins  a cam which  drives a pushrod  connected  to   the  spoi ler .  A 

schematic  of  the  system i s  shown i n   F i g u r e  3.5. 

5 
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Figure 3 . 2  Cruise  Configuration of the 
the  Robertson-Seneca  Flaps 
and Spoilers 



Figure 3 . 3  Robertson-Seneca  with  Flaps 
and Spoilers   ful ly   Deflected 



Figure 3 .4  Full  Span Fowler F l a p s  on 
the Robertson-Seneca 



' I  DOWN SPOILER 

f UP SPOILER 

Figure 3.5. Schematic of Spoiler  Control  System 
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4. Instrumentation 

The  data  acquisition  system  was  designed  and  built  by  the  Flight 

Research  Laboratory  of  CRINC.  The  entire  package,  with  the  exception 

of the  remote  transducers,  is  shown in Figure 4.1, mounted in the  seat 

attachment  points  for  the  middle  row  of  seats. 

The  following  data  were  recorded  by  a  Honeywell  Visicorder: 

Roll  angle, 4 

Pitch  angle, 8 

Right  spoiler  deflection, 6 

Left  spoiler  deflection, 6 

Control  wheel  deflection, 6, 

Control  wheel  force, F, 

Sideslip  angle, /3 

SR 

sL 

Airspeed,  altitude,  and  flap  deflection  were  manually  recorded  at 

the  beginning of each  test  point.  The  pitch  rate  was  to  be  recorded 

using  a  rate  gyro.  However, an early  failure  of  the  gyro  resulted in 

roll  rates  being  determined  by  measuring  the  slope  of  the (#I vs time 

trace. 

Wheel  forces  were  determined  with  the  use  of a strain  gaged 

force  wheel  installed on the  right  side,  Figure 4.2. Spoiler  posi- 

tion  was  determined  by  means  of a potentiometer  connected  to  each 

spoiler  at  its  midspan  position. A sideslip  vane  and  swiveling  pitot- 

static  tube  were  mounted  on  a  boom  attached  to  the  left  wingtip,  Fig- 

ure  4.3.  Previous  tests  verified  that  the  airspeed  position  error  was 

negligible  with  this  installation. 

11 



Figure 4.1 - Flight  Test  Data 
Acquisition  System 

Figure 4.2 - Force  Measuring  Wheel 
Installed  in  Robertson  Seneca 
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Figure 4 . 3  - Instrumentation  Boom 
Installation  with f l  Vane and Swiveling 

Pitot-static Tube 
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5. S p o i l e r   R o l l   C h a r a c t e r i s t i c s  

Four separate   f l ights   were  conducted  to   determine  the  performance 

character is t ics   of   the   Robertson/Seneca  Spoi ler   System. The g r e a t  

major i ty   of   the   data   points   were  determined by i n i t i a t i n g  a s teady 

state r o l l  from s t r a i g h t  and l e v e l   f l i g h t   a t  a predetermined  airspeed. 

It was found tha t   t h i s   t echn ique   r educed   da t a   s ca t t e r  and  permitted 

r o l l   e n t r y   a t   r e p e a t a b l e   a n g l e s   o f   a t t a c k .   S t e a d y   s t a t e   r o l l  rates 

were  achieved  very  rapidly so s ides l ip   i nduced  by r o l l   a n g l e  was  a 

neg l ig ib l e   f ac to r .   E leva to r   ang le  was h e l d   c o n s t a n t   d u r i n g   t h e   r o l l  

and  no rudder  inputs  were made. A t  each  a i rspeed and f l a p   p o s i t i o n ,  

two r o l l s  from f 30' t o  7 30' r o l l   a n g l e  were  made,  one i n  each 

d i r ec t ion ,   w i th   fu l l   whee l   de f l ec t ion .   A l though   t hese   da t a  had  con- 

s i d e r a b l e   s c a t t e r ,   t h e y   i n   g e n e r a l   v e r i f i e d   t h e   t r e n d s   e s t a b l i s h e d  

by r o l l s  from s t r a i g h t  and l e v e l   f l i g h t .  

Table  5.1 i s  a ma t r ix  of a l l   the   combina t ions   o f   a i r speed  and 

f l a p   d e f l e c t i o n   f o r  which  data  were  obtained. 

Table 5 .l. F l igh t   Cond i t ions   fo r  R o l l  Tes ts  

Flap 
D e f l e c t i o n  I Calibrated  Airspeed,  knots 

Deg . 
0 

132 106 

136  108 92 75 

10 

- 109 . .  94 65 20 

- 70 

14 



Figures 5.1 through 5.4 present  roll  results  as  roll  helix  angle 

versus  spoiler  angle  for  each  airspeed  and  flap  setting.  Fig. 5.5 

summarizes the data  for  each  flap  setting  and  shows  the  effect  of  airspeed 

on  spdiler  effectiveness.  Fig. 5.6 compares  spoiler  effectiveness  at  low 

airspeed forthe four  flap  settings  tested.  Fig. 5.7  provides  a  correlation 

between  airspeed  and  airplane  lift  coefficient  at  the  average  test  weight 

of i7,348 newtons (3900 lb). Actual  weight  was  never  more  than 2 444 

newtons (100 lb.)  from  this  nominal  value. 

Several  conclusions  may  be  drawn  from  these  data.  At  low  flap 

settings  (6f = 0" and bf = 10") spoiler  effectiveness  increases  as 

airspeed  increases  and  lift  coefficient  and  angle of attack  decrease. 

However  for  8f 2 20" spoiler  effectiveness  appears  to  be  virtually 

independedt  of  lift  coefficient  over  the  range  tested. 

It should  be  noted  that  the  cable  stretch  characteristics  of  the 

system  limited  the  maximum  spoiler  deflection  at  high  airspeeds. 

Zxamination  of  the  data  reveals  that  the  helix  angle,  pb/2V,  achieved 

with  maximum  wheel  deflection  is  almost  independent  of  airspeed  for  a 

g5ven  flap  deflection  because  of  this  cable  stretch  limitation  on 

spoiler  deflection. 

Allother  important  characteristic  is  the  significant  increase  in 

maximum  spoiler  rolling  moment  as  the  flaps  are  deflected.  Maximum 

rolling  moment  coefficient  with  6f = 40" is 2.64 times  that  obtained 

with 6f = 0". Thus at  low  airspeeds  in  the  landing  configuration, 

Where  conventional  aileron  control  becomes  sluggish,  the  spoiler 

15 



sys t em  can   p rov ide   ac tua l   ro l l   r a t e s  as high  o r  h ighe r   t han   c ru i se  

r o l l   r a t e s .  

To conver t   these   da ta   f rom  he l ix   angle ,  pb/2V, t o   r o l l i n g  moment 

c o e f f i c i e n t ,  C A  , a useful  form  for  comparison  with  wind  tunnel  data 

and  theory,   the  following  formula i s  used. In a s t e a d y   s t a t e   r o l l  

-ca (Pb) 
c a  = 

2vT 

A de ta i l ed   ana lys i s   u s ing  R e f .  10 showed t h a t  C = - .476 for the  

R o b e r t s o n   S e n e c a   f o r   a l l   f l a p   s e t t i n g s .  Thus t o  conver t   these   da ta  

t o   r o l l i n g  moment c o e f f i c i e n t   d u e   t o   s p o i l e r s ,  

&P  

C a  = - .476 
2v 

For a l l   f l a p   s e t t i n g s  and  a i rspeeds  there  i s  no deadband o r  

r e d u c e d   s e n s i t i v i t y   a t  low spo i l e r   de f l ec t ions .   Fo r  6, = 40°, t he  

spo i l e r s   a r e   b i a sed   up   s eve ra l   deg rees .  I n  f l i g h t ,  pb/2V = 0 wi th  

b S  2.4'. The b i a s  was in t roduced   p r imar i ly   t o   e l imina te   decen te r -  

ing  aerodynamic  loads.   However,   because  the  biased  sett ing  results 

i n  one spoi le r   go ing  down whi l e   t he   o the r   goes   up   ove r   t he   f i r s t  

t e n   d e g r e e s   o f   s p o i l e r   t r a v e l ,   t h e   i n i t i a l   r o l l   s e n s i t i v i t y   f o r  

6, = 40' i s  very  high,  about  double  that   which  would  exist   with no 

b i a s .   T h i s   i n c r e a s e d   s e n s i t i v i t y  i s  c l ea r ly   ev iden t   i n   F igu re   5 .6 .  

A l though   spo i l e r   ro l l i ng  moment i s  a monotonic  function of 

spo i l e r   ang le ,  6,, it i s  n o t   l i n e a r   e x c e p t   f o r  small angles .  The 

dec rease   i n  C i  a t   l a r g e   s p o i l e r   d e f l e c t i o n s  i s  n o t   p a r t i c u l a r l y  
6 s  

16 



n o t i c e a b l e   o r   b o t h e r s o m e   t o   t h e   p i l o t .   A c t u a l l y ,   t h e o r y   i n d i c a t e s  

t h a t  C Q  should  be a l i n e a r   f u n c t i o n  of s p o i l e r   h e i g h t ,  h ,  r a t h e r  

than   angle ,  6,. Fig .  5.8 p l o t s   t h e   d a t a   o f   F i g .  5.6 as  a f u n c t i o n  

of h / c .   A l though   t he   spo i l e r   e f f ec t iveness  i s  more n e a r l y   l i n e a r   a s  

a func t ion   o f   h / c   t he re  i s  a d e c r e a s e   i n   e f f e c t i v e n e s s ,  a C, /a  (h /c ) ,  

for   l a rge   def lec t ions   as   would   be   expec ted .  It may be  observed i n  

Figs .  5.1 - 5.4 t h a t   t h e r e   a p p e a r s   t o   b e  a c o n s i s t e n t   d i f f e r e n c e   b e -  

tween t h e   e f f e c t i v e n e s s   o f   t h e   r i g h t   a n d  le f t  s p o i l e r s ,   p a r t i c u l a r l y  

f o r   l a r g e   s p o i l e r   d e f l e c t i o n s .  It i s  b e l i e v e d   t h a t   t h i s   d i f f e r e n c e  i s  

probably  due t o  a minor   ca l ib ra t ion   e r ro r   r a the r   t han   any   ae rodynamic  

d i f f e r e n c e s .  I n  any case the   d i f f e rence  i s  n o t   l a r g e ,  and is  n e g l i g i b l e  

f o r  6 s  15'. 

The q u a l i t a t i v e  yaw c h a r a c t e r i s t i c s   o f   t h e   s p o i l e r s   w e r e   d e t e r m i n e d  

by   r eco rd ing   t he   s ides l ip   ang le ,  0, during  each  of   the  rol l   maneuvers .  

Figs .  5.9 through 5.12 show t i m e   h i s t o r i e s   o f   f o u r   r e p r e s e n t a t i v e   r o l l  

maneuvers a t  va r ious   f l i gh t   cond i t ions .   No te  that t h e r e  i s  no d iscern-  

i b l e   i m e d i a t e   r e s p o n s e   i n  yaw due t o  a s t e p   s p o i l e r   i n p u t ,   a l t h o u g h  

does  increase  gradual ly  as t h e   r o l l   a n g l e   i n c r e a s e s ,  a r e s u l t   o f   t h e  

s i d e   f o r c e  due t o   g r a v i t y .  However, i n  no case  does  the yaw angle 

become  more than  one  or  two degrees .  Thus it appea r s   t ha t  yawing 

moment due t o   s p o i l e r ,  C , is  ve ry   nea r ly   ze ro   fo r  a l l  f l a p   s e t t i n g s  

and   a i r speeds   t es ted .  
n6s 
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6. Wheel Deflect ions  and  Forces  

Measurements ,of   wheel   and  spoi ler   posi t ions were made to   de t e rmine  

t h e   i n f l i g h t   r e l a t i o n s h i p   a n d   t h e   e f f e c t   o f  dynamic pressure   on   cab le  

s t r e t c h   c h a r a c t e r i s t i c s .   F i g u r e   6 . 1  shows t h e   o r i g i n a l   d e s i g n   f o r   t h e  

wheel vs. spo i l e r   de f l ec t ion .   C lea r ly ,   t he re  is a s igni f icant   change  

as t h e   f l a p s  are lowered,   the   main  effect   being a symmetric b i a s   p o s i t i o n  

of 6.3' f o r   b o t h   s p o i l e r s .  

Also shown in   F igu re   6 .1  is t h e  ground p o s i t i o n  (no a i r l o a d s )  of 

s p o i l e r s  as a func t ion   of   wheel   pos i t ion   wi th  6 = 0'. There i s  a 

d i f f e r e n c e   b e t w e e n   t h e   r i g h t   a n d   l e f t   s p o i l e r   d e f l e c t i o n   c h a r a c t e r i s t i c s  

due  to   minor   mechanical   adjustment   differences.  

f 

Figures  6 .2  through 6.4  show t h e   s p o i l e r   d e f l e c t i o n   c h a r a c t e r i s t i c s  

i n   f l i g h t  a t  va r ious   a i r speeds  and f l a p   d e f l e c t i o n s .  It is apparent  

t h a t   t h e   d i f f e r e n c e   b e t w e e n   r i g h t   a n d   l e f t   s p o i l e r   e x i s t s   i n   f l i g h t .  

There i s  a l s o  a cons iderable  amount o f   c a b l e   s t r e t c h  which s e r i o u s l y  

limits t h e  maximum s p o i l e r   d e f l e c t i o n  a t  high  speeds.  Doubling  the 

a i r s p e e d   r e d u c e s   t h e   s p o i l e r   d e f l e c t i o n   f o r  a given  wheel  posit ion by 

up t o  a f a c t o r  of  two. 

With t h e   f l a p s  a t  40°, the   d i f fe rences   be tween  r igh t   and   le f t  

s p o i l e r  are  much less pronounced.   Furthermore,   the   bias   posi t ion  of  

t h e   s p o i l e r s  i s  reduced  to   about  2.5' because   o f   a i r loads  a t  t y p i c a l  

approach  speeds. 

The wheel f o r c e   d a t a  w a s  not  complete enough to   de te rmine  

s i g n i f i c a n t   t r e n d s   o r   a c c u r a t e   h i n g e  moments. The problem w a s  caused 

both  by h i g h   f r i c t i o n  and  breakout   forces  as w e l l  as da ta   record ing  

system  problems. However, F i g u r e   6 . 5   i l l u s t r a t e s   t y p i c a l   f o r c e  
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c h a r a c t e r i s t i c s   f o r  a f l a p   s e t t i n g   o f  20'. The dynamic d a t a   e x h i b i t s  

a typ ica l   hys t e re s i s   l oop   caused  by f r i c t i o n   l o a d s .  

The e f fec t   o f   a i r speed   on   wheel   force  is n o t   p r o p o r t i o n d   t o  

dynamic pressure  because of cab le   s t r e t ch   wh ich   r educes   t he   spo i l e r  

d e f l e c t i o n  as a i r speed   increases .  

The f o r c e s  were gene ra l ly   a lmos t   l i nea r   w i th   f l ap   de f l ec t ion  and 

maximum fo rces  were 'always well w i t h i n   t h e  maximum d e s i r e d   l e v e l .  
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Figure 6.3 - Spoiler  Deflection  Characteristics, 6 = loo and 20° f 
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Figure  6.5 - Wheel Force Data f o r  6f = 20° 
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I 
7. Conclusions 

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7. 

At low.flap settings (0" :Sf - < lo") spoiler  effectiveness 

increases  as  airspeed  increases  and  lift  coefficient  and 

angle  of  attack  decrease. 

For 6f - > 20" spoiler  effectiveness  is  virtually  independent 

of  lift  coefficient. 

Maximum  spoiler  rolling  moment  coefficient  at 6f  = 40" was 

2.64 times  that  obtained  with 6f = 0". 

No deadband  or  reduced  sensitivity  at  low  spoiler  deflections 

was  detected. 

Wheel  forces  were  not  excessive  for  any  flight  condition  or 

configuration  tested. 

Yawing  moment  due  to  spoiler  deflection  was  nearly  zero  for 

all  flap  settings  and  airspeeds  tested. 

Cable  stretch  greatly  reduced  the  maximum  available  spoiler 

deflection  at  high  airspeeds. A designer  must  give  careful 

attention  to  this  problem. 
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